. Upon binding to cholesterol-containing membrane as monomers, these proteins oligomerize to form large pores, comprising about 50 monomer subunits with internal diameter of up to 30 nm (9, 10) . These large pores permit permeation of not only ions and small metabolites but also macromolecules.
Madden et al. (11) proposed for the first time Recently, we demonstrated that slo is a member of an operon covering the upper-stream nusG and nga genes (nusG-nga-orf1-slo), from which transcription of slo proceeds polycistronically, and major transcript is produced by readthrough from nga promoter (16) . The arrangement commonly conserved in streptococci was limited to the region from nusG to slo (17) (18) (19) (20) (21) . These results suggest intimate relationship among NADase, Orf1 protein and SLO in biosynthesis or survival.
Data base search indicated that Orf1 was conserved in a group A Streptococcus (GAS) strain pyogenes as well, but missing in other bacterial species. Present report describes molecular characterization of the Orf1 protein. Electroporation was used for introduction of plasmid DNA into E. coli TOP10 and BL21 (37) .
Materials and Methods

Materials-Mutanolysin
Transformants were selected on LB plates containing 100 g/ml ampicillin.
Polymerase chain reaction (PCR)-Expand
High Fidelity PLUS PCR System was a product from Roche Diagnostics (Penzberg, Germany).
Enzymes and buffers were used according to suppliers' recommendation. The total volume of the PCR mixtures was mostly 50 l. Usually, 40
cycles of amplification were carried out, under the conditions of initial denaturation (90 sec at 94˚C), strand denaturation (30 sec at 94˚C), annealing (30 sec at 55˚C), and elongation (60 sec per kb at 72˚C).
DNA manipulations-Plasmid DNAs of E. coli
TOP10 were extracted using the QIAprep Spin
Miniprep Kit (Qiagen, Hilden, Germany).
Genomic DNA of streptococci for PCR was prepared as described previously (16) . 
Far Western analysis of interaction between
Orf1 and extracellular NADase-The culture supernatant of S. dysgalactiae subsp. equisimilis H46A and medium alone were run on a SDS-PAGE (10% total acrylamide) and transferred to PVDF membrane, and incubated for 1 h with or without purified His tag-fused Orf1 (10 g/ml in PBST) at room temperature.
Binding of purified His tag-fused Orf1 to
NADase was assayed by Western blot analysis using anti-Orf1 antibody as described in "
Immunoblot Analysis ".
NADase assay-The NADase assay was performed by the method of Gerlach et al. (29) .
One unit of the enzyme cleaves 1 mole NAD in 1 min at 37˚C.
Preparation of whole cell extract: The cells from a mid-logarithmic growth phase culture (10 ml) were incubated for 30 min at 37°C in a mixture composed of 100 U/ml mutanolysin, 5 mg/ml lysozyme, 0.01% sodium azide, and 150 mM sodium phosphate buffer, pH 6.6. After incubation, the cells were sonicated, and the lysate was centrifuged in the cold and the supernatant was used for NADase assay. 
Thermostability-The
RESULTS
Expression of streptococcal NADase in E.
coli-In a previous study on regulation of streptococcal NAD glycohydrolase
subcloning of the gene cluster in E. coli was attempted, using pHY300PLK as a vector.
Although overproduction of active SLO was attained in E. coli (22) , clones with the NADase gene insert were not obtained at all (16 (Fig. 1B) .
A faint NADase band was, however, developed by a long-time exposure (Fig. 1C) , indicating scanty production of the enzyme by the clone. In order to demonstrate expression of the orf1 in S. dysgalactiae subsp. equisimilis H46A, anti-Orf1 antibody was prepared by immunizing a rabbit with His tag-fused Orf1, produced in recombinant E. coli cells (Fig. 3A) .
Western blot analysis with this antibody proved that the Orf1 protein was produced and exclusively localized within H46A cocci (Fig.   3B ). Molecular weight of the Orf1 coincided with that of the protein coexpressed with
NADase in E. coli (Fig. 3B) . Unlike SLO and NADase, Orf1 was not detected in the streptococcal culture supernatant, directly ( 
Purification and amino-terminal sequencing of
Orf1 from S. dysgalactiae subsp. equisimilis H46A-The Orf1 protein was extracted from S. dysgalactiae subsp. equisimilis H46A and purified by affinity chromatography using an anti-Orf1 antibody-fixed column (Fig. 4) . 
Analysis of interaction between Orf1 and
NADase-For analysis of interaction with NADase, Orf1 produced in E. coli as the His tag-fused protein was purified, by nickel-chelate column chromatography (Fig. 3A) . THY medium, before and after culturing S. 
Inhibition of NADase by Orf1-Orf1 is an
intracellular protein and its cellular content is not so high (Fig. 4) . To overproduce this protein, coexpression with NADase was attempted in E.
coli harboring pBAD/His I. As shown in Fig. 3B and equisimilis H46A, by affinity chromatography, using a column to which Orf1 overproduced in E.
coli as a His tag-fused protein had been immobilized (Fig. 6C ). When the purified NADase was mixed with Orf1 and incubated at room temperature for 10 min, the enzymatic activity was nearly completely blocked in the equivalent molecular ratio (Fig. 6D ). This inhibitory reaction was very rapid and occurred even at 0°C (data not shown).
In order to verify the possibility that NADase precursor within streptococci exists as the inactive complex bound to Orf1, H46A lysate was mixed with equal volume of 6 M NaSCN. After the dissociative treatment, Orf1
was neutralized with anti-Orf1 antiserum. As shown in Table 1 Interestingly enough, Orf1 was heat-stable:
relative inhibitory activity remained after heat treatment for 15 min was ca. 82% at 60°C and ca.
72% at 100°C. Purified Orf1 was sensitive to trypsin and inactivated by lysylendopeptidase (data not shown).
DISCUSSION
NADase-streptolysin O operon is highly conserved in group A and C streptococci (11, 16, 26 Orf1, incubated at room temperature for 10 min, and the remaining NADase activity was measured. by guest on August 17, 2017 
